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COOLED NOZZLED GUIDE VANE OR 



TURBINE ROTOR BLADE PLATFORM 



This invention relates to cooled nozzled guide vanes and/or turbine rotor blades for gas 
turbine engines, and in particular concerns under platform impingement cooling of 
turbine guide vanes or rotor blades. 

As gas turbine engine turbine entry temperatures have increased it has become 
necessary to use greater amounts of cooling air from the engine compressor to cool 
turbine nozzle guide vane and rotor blade components. Engine cycle efficiency is 
affected by the amount of compressor air that is used for cooling purposes and 
therefore it is necessary to reduce the amount of air used for cooling by increasing the 
cooling effectiveness of the cooling air. 

As turbine entry temperatures have increased to the levels seen in today's engines it 
has been necessary to cool aerofoil platforms in addition to the aerofoil of a turbine 
nozzle guide vane or rotor blade. One arrangement that is currently used provides a 
single platform cavity that is fed with cooling air from an adjacent plenum space. 
Cooling air is directed into the cavity through a plurality of holes provided in a platform 
wall between the cavity and the plenum to provide impingement cooling of the platform. 
In this arrangement the cooling air is generally exhausted through film cooling holes in 
the upper platform surface, that is to say the gas washed surface of the platform, or via 
trailing edge platform slots. Cooling enhancement features, for example pedestals, are 
often provided in the platform cavity to promote turbulent flow and increase the heat 
transfer surface area. In known arrangements the platform exhaust flow may be used 
to feed or top up the cooling airflow into the aerofoil section. This presents particular 
problems since the cooling air exiting the platform cavity must have sufficient residual 
pressure to pass through the air cooling cavity or cavities of the aerofoil. This can 
result in relatively weak impingement cooling of the platform since the pressure loss 
available for impingement cooling of the platform is therefore relatively low. This leads 
to an increased cooling flow requirement. In addition in arrangements where platform 
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film cooling holes are positioned on the suction side of the platform most of the 
pressure drop occurs through the film cooling holes, leading to excessive blowing rates 
and inefficient use of the cooling air. High blowing rates also increase aerodynamic 
losses of the aerofoil. 

Another problem associated with the above mentioned single cavity type under 
platform cooling arrangement is that aerofoil platforms generally tend to burn towards 
the rear, or aerofoil trailing edge, end of the platform, particularly just downstream of 
the aerofoil trailing edge. The pressure of the hot turbine gases is very low at this 
position and therefore if the platform is perforated due to burning at this point the 
platform cooling air will tend to exhaust through the platform, significantly reducing the 
amount of cooling air flowing through the aerofoil and potentially resulting in 
overheating at the aerofoil and premature failure of the nozzle guide vane or rotor 
blade component. 

There is a requirement therefore for improved aerofoil platform cooling where platform 
cooling air is, at least partly, fed into the aerofoil cavity of a gas turbine nozzle guide 
vane or turbine rotor blade. 

According to an aspect of the invention there is provided a nozzle guide vane or turbine 
rotor blade for a gas turbine engine; the said vane or blade comprising an aerofoil 
having a pressure wall and a suction wall and at least one aerofoil internal cavity 
between the pressure and suction walls for conveying cooling air through the aerofoil, 
and at least one aerofoil platform adjacent and generally perpendicular to the aerofoil, 
the platform having at least one internal cavity with a pressure wall and a suction wall 
on respective sides of the aerofoil on one side of the platform cavity, the platform cavity 
being divided into at least two chambers including a first chamber for receiving cooling 
air for cooling the said platform pressure wall and a second chamber for receiving 
cooling air for cooling the said platform suction wall, wherein the said first cavity is in 
flow communication with the said aerofoil cavity for discharge of at least part of the 
cooling air entering the first chamber to the said aerofoil cavity. In this arrangement the 
nozzle guide vane or turbine rotor blade comprises an under platform cavity divided 



into at least two sections, the first of which feeds the aerofoil cavity to provide a top up 
flow for aerofoil cooling. 

Preferably, a plurality of impingement cooling holes are provided in a wall on an 
opposite side of the platform cavity to the platform pressure and suction walls for 
cooling the said platform pressure and suction walls by the impingement of cooling air 
admitted, in use, into the said cavity through the impingement cooling holes from a 
,v common source, including a first set of impingement cooling holes for conveying 
cooling air into the said first chamber and a second set of impingement cooling holes 
for conveying cooling air into the said second chamber. In this way cooling 
effectiveness of the cooling air can be optimised. 

Preferably, the first and second sets of impingement cooling holes are sized and 
spaced such that, in use, the cooling air admitted to the first chamber has a higher 
operational pressure than the cooling air admitted to the second chamber. In this way 
the pressure differential across the first set of impingement cooling holes can be 
optimised so that the cooling air is of sufficient pressure to be admitted into the aerofoil 
cavity from the platform cavity while the second set of cooling holes can be optimised 
for impingement cooling of the aerofoil platform suction wall. In the first chamber under 
platform impingement cooling is less effective but is compensated by the higher flow 
rate of cooling air required for aerofoil cooling. In the second chamber there is a higher 
operational pressure difference so that impingement cooling is more effective which 
readily enables the flow rate of cooling air to be reduced in accordance with the cooling 
requirements of the platform suction wall. In the embodiments of the present invention 
it will be understood that the turbine component being cooled fails safe in the event of 
heat/erosion damage to its platform trailing edge, since aerofoil cooling is not affected if 
the trailing edge of the platform is damaged as there is no direct flow path from the first 
chamber to the second. 

<■ 

In preferred embodiments, the first and second sets of impingement cooling holes are 
sized and spaced such that, in use, the flow of cooling air through the first holes into 
the first chamber is greater than the flow of cooling air through the second holes into 
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the second chamber. In this way it is possible to increase the cooling effectiveness of 
the cooling air taken from the compressor because the amount of cooling air fed to the 
first chamber and then the aerofoil can be optimised for cooling those parts of the 
component independently of the amount of cooling air . required for cooling the suction 
wall of the platform. 

In preferred embodiments, the second chamber comprises a plurality of cooling air exit 
apertures at a downstream, or trailing edge, end of the platform. Preferably the exit 
apertures comprise a plurality of cooling air exhaust slots. As the second set of 
impingement holes has a significant pressure drop, and therefore higher heat transfer 
capability, the amount of cooling air required is significantly less than the first set of 
holes and hence the cooling air in the second chamber can be exhausted, or dumped, 
directly through the trailing edge slots in the platform. 

Preferably, the said platform pressure wall is provided with a plurality of film cooling 
holes for conveying cooling air from the first chamber to the external surface of the 
platform pressure wall to provide a film of cooling air over the said external surface in 
use. Thus the present invention contemplates embodiments where the external 
surface of the platform pressure wall in the turbine gas flow path is provided with an 
arrangement of film cooling holes to protect the external pressure surface of the 
platform from the high temperature turbine gases. 

Preferably, the said platform suction wall is provided with a plurality of film cooling 
holes for conveying cooling air from the second chamber to the external surface of the 
platform suction wall to provide a film of cooling air over the said external surface in 
use. In this way the external surface of the platform suction wall is additionally or 
alternatively provided with an arrangement of film cooling holes for protecting the^ 
suction, surface of the platform from the effects of the high temperature turbine gasses. 

The present invention also contemplates embodiments of a nozzle guide vane or 
turbine rotor blade comprising first and second platforms at opposite spanwise ends of 



the aerofoil for forming radially inner and outer shrouds in an array of circumferentially 
spaced nozzle guide vane or turbine rotor blades in a gas turbine engine. Thus, the 
invention contemplates shrouded and unshrouded turbine rotor blades and nozzle 
guide vanes. 

Preferably, the nozzle guide vane or turbine rotor blade further comprises a plurality of 
projections in the first and/or second chambers. These projections may be provided for 
increasing turbulence within the platform chambers and/or increasing the surface area 
within the chambers for enhanced heat transfer performance. 

Various embodiments of the invention will now be more particularly described, by way 
of example, with reference to the accompanying drawings, in which: 

Figure 1 is a perspective view of a gas turbine nozzle guide vane with under 
platform cooling; 

Figure 2 is a cross section view of the nozzle guide vane platform of Figure 1; 

Figure 3 is a perspective part cut-away view of a nozzle guide vane according to 
an embodiment of the invention; or and 

Figure 4 is a cross-section view of the inner platform of the nozzle guide vane of 
Figure 3, along line IV - IV. 

Referring to Figure 1 , a turbine stage 10 of a turbine section in a gas turbine engine is 
shown. The turbine stage comprises an array of nozzle guide vanes segments 12 
circumferentially spaced about the engine axis to define an annular gas flow passage 
14 between radially inner and outer platforms 16 and 18 with an aerofoil section 20 
extending radially across the gas flow passage 14 in a radial direction substantially 
perpendicular to the platforms 16 and 18. The nozzle guide vanes 12 are arranged 
upstream of an array of turbine rotor blades 22 such that turbine gases passing 
between the aerofoil sections of the vanes is directed at an appropriate angle on to the 
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turbine rotor blade aerofoils. 

As can best be seen in the cross section view of Figure 2 the aerofoil section of each 
vane is substantially hollow including an internal cavity 24 for conveying cooling air 
through the aerofoil section with a pressure wall 26 oh the pressure side of the aerofoil 
and a suction wall 28 on the other side of the aerofoil section. The platform similarly 
has a pressure side 30 and suction side 32 on respective pressure and suction sides of 
the aerofoil cross-section. 

In the arrangement of Figure 1 cooling air enters the aerofoil cavity 24 from a plenum 
region 34 on the underside of the vane inner platform and also from a plenum region 
36 on the radially outer side of the outer platform. Cooling air entering the internal 
cavity 24 flows on to the aerofoil surfaces through rows of film cooling holes 38 
provided in the aerofoil and also on to the platform surfaces in contact with the turbine 
gases through film cooling holes 40. In the case of the known arrangement in Figure 1 
the film cooling holes 40 are fed directly from the plenum region 34 on the underside of 
the inner platform. 

Referring now to the embodiment shown in Figure 3. In the drawing of Figure 3 a 
single nozzle guide vane 12 is shown with the leading edge end of the inner platform 
cut-away for the purpose of illustrating the inner platform 16 an inner platform internal 
cavity 41 . The inner platform comprises a pressure wall 42 and a suction wall 44 on 
the respective pressure and suction sides of the aerofoil on the aerofoil side of the 
cavity. The other side of the platform comprises an under platform wall 43 which is 
provided with a plurality of impingement cooling holes 46 for directing cooling air 
admitted from the plenum region 36 into the platform cavity 41 as high velocity 
impingement jets against the platform pressure and suction wall surfaces in the cavity.. 

As can best be seen in the drawing of Figure 4 the platform cavity is divided into two 
chambers, including a first chamber 48 for receiving cooling air from the plenum 36 for 
cooling the platform pressure wall 42, and a second chamber 50 for receiving cooling 
air also from the plenum 36 for cooling the platform suction wall 44. The first chamber 



48 is in flow communication with an aerofoil section cavity 52 which is positioned 
adjacent to a leading edge aerofoil section internal cavity 54 and the aerofoil trailing 
edge 55. The platform cavity is divided by means of a first internal wall 58 which is 
substantially coincident with the aerofoil suction wall in the spanwise direction of the 
vane and a second wall 60 which extends from an aerofoil leading edge region of the 
wall 58 to the suction side edge 62 of the platform. 

The cavity dividing walls 58 and 60 divide the cavity into the two chambers 48 and 50 
with the chamber 48 occupying the region forward of the aerofoil leading edge and the 
region of the pressure wall 42, while the chamber 50 occupies the aerofoil trailing edge 
region and the suction surface wall 44. A further wall 62 is provided in the cavity 41 
around the pressure surface side of the leading edge internal aerofoil cavity 54. The 
aerofoil cavity 54 is fed independently of the platform cavity chambers 48 and 50 with 
cooling air directly from the plenum region 36 on the underside of the platform. 

The division of the cavity 41 is shown schematically in the drawing of Figure 3 where 
the 3-D hatched block 57 represents the part of the platform corresponding to the 
region of the second chamber 50. 

The size, shape and spacing of the impingement holes 46 into the chamber 48 is such 
that the holes generate relatively weak impingement jets of cooling air against the 
platform pressure wall 42 on the opposite side of the chamber, that is to say the 
pressure drop across the holes is relatively small in comparison to the overall pressure 
of the cooling air admitted into the chamber 48 from the plenum 36. In contrast the 
impingement holes 48 that feed the trailing edge cavity 50 are of a shape, size and 
spacing suitable for generating relatively high velocity impingement jets of cooling air 
against the platform suction and trailing edge wall 44. The relatively high pressure drop 
across the holes 46 in the chamber 50 enables a relatively low flow of cooling fluid to 
be used to cool the platform suction and trailing edge wall 44. The cooling air entering 
the second chamber 50 exits the chamber through an array of parallel exhaust slots 62 
in the trailing edge 66 of the platform. The cooling air entering the first chamber 48 
exits the chamber with a relatively high pressure into the aerofoil internal cavity 52 



through which it is conveyed with its thermal capacity being used to cool the aerofoil 
suction and pressure walls as it flows along the aerofoil section. 

In the embodiment described with reference to Figures 3 and 4 it will, be seen that the 
suction side of the platform cooling air is exhausted through the trailing edge slots 62 
while the pressure side platform cooling air exhausts into the cavity 52 in the aerofo.l. 
in this way the air from the chamber 48 is used to supplement the main aerofo,. coohng 
air before being exhausted through film cooling holes or trailing edge slots in the 
aerofoil section. The pressure side platform cooling air in the chamber 48 may, -n other 
embodiments (not shown), exhaust through film cooling holes in the platform pressure 
wall 42 In order to avoid ingestion of the turbine gases through these film-cool.ng 
holes the cooling air pressure in the cavity chamber 48 is maintained higher than the 
pressure of the turbine gases acting on the platform wall 42. The pressure drop over 
the impingement holes 46 which admit the cooling air into the chamber 48 is therefore 
relatively low so that a relatively high pressure can be maintained in the chamber 48. 
in order to maintain the cooling effectiveness of the chamber 48 the flow rate of cool.ng 
air into this region is relatively high. In the present invention this cooling air is used to 
further coo. the aerofoil section rather than being discarded since the cooling a.r has 
additional thermal capacity for cooling the aerofoil once it has been used for 
impingement cooling of the platform pressure wall. 

Film cooling holes (not shown) may also be provided in the suction wall 44 of the 
platform In contrast to the film cooling holes which may be provided in the pressure 
wall the film cooling holes in the suction wall exhaust at a much lower pressure. The 
impingement holes 46 that admit cooling air into the suction side platform chamber 
have a much greater pressure drop for generating relatively high velocity impingement 
jets of cooling air compared with, the holes in the chamber 48. As the cooling a.r 
requirement of the chamber 50 is relatively low the cooling air admitted .nto th.s 
chamber can be exhausted through the platform trailing edge slots 62 without 
significant reduction in cooling effectiveness. 

Although aspects of the invention have been described with reference to the 



embodiments shown in the accompanying drawings, it is to be understood that the 
invention is not limited to those precise embodiments and that various changes and 
modifications may be affected without further inventive skill and effort. For example, 
the invention contemplates embodiments where the cooled aerofoil platform is part of a 
turbine rotor blade or a nozzle guide vane. In addition the invention contemplates 
embodiments where both the inner and outer platforms of a nozzle guide vane are 
provided with an impingement cooling arrangement as described with reference to the 
inner platform in the drawing of Figure 3. 



CLAIMS 



A nozzle guide vane or turbine rotor blade for a gas turbine engine; the said 
vane or blade comprising an aerofoil having a pressure wall and a suction wall 
and at least one aerofoil internal cavity between the pressure and suction walls 
for conveying cooling air through the aerofoil, and at least one aerofoil platform 
adjacent and generally perpendicular to the aerofoil, the platform having at least 
one internal cavity with a pressure wall and a suction wall on respective sides of 
the aerofoil on one side of the platform cavity, the platform cavity being divided 
into at least two chambers including a first chamber for receiving cooling air for 
cooling the said platform pressure wall and a second chamber for receiving 
cooling air for cooling the said platform suction wall, wherein the said first 
chamber is in flow communication with the said aerofoil cavity for discharge of 
at least part of the cooling air entering the first chamber to the said aerofoil 
cavity. 

A nozzle guide vane or turbine rotor blade as claimed in Claim 1 wherein a 
plurality of impingement cooling holes are provided in a wall on an opposite side 
of the platform cavity to the platform pressure and suction walls for cooling the 
said platform pressure and suction walls by the impingement of cooling air 
admitted, in use, into the said cavity through the impingement cooling holes from 
a common source, including a first set of impingement cooling holes for 
conveying cooling air into the said first chamber and a second set of 
impingement cooling holes for conveying cooling air into the said second 
chamber. 

A nozzle guide vane or turbine rotor blade as claimed in Claim 2 wherein the first 
and second sets of impingement cooling holes are sized and spaced such that, 
in use, cooling air admitted to the first chamber has a higher operational 
pressure than cooling air admitted to the second chamber. 



A nozzle guide vane or turbine rotor blade as claimed in Claim 2 or Claim 3 
wherein the first and second sets of impingement cooling holes are sized and 
spaced such that, in use, the flow of cooling air through the first holes into the 
first chamber is greater than the flow of cooling air through the second holes into 
the second chamber. 

A nozzle guide vane or turbine rotor blade as claimed in any preceding claim 
wherein the second chamber comprises a plurality of cooling air exit apertures at 
a downstream, or trailing edge, end of the said platform. 

A nozzle guide vane or turbine rotor blade as claimed in Claim 5 wherein the 
said exit apertures comprise a plurality of cooling air exhaust slots. 

A nozzle guide vane or turbine rotor blade as claimed in any preceding claim 
wherein the said platform pressure wall is provided with a plurality of film cooling 
holes for conveying cooling air from the first chamber to the external surface of 
the platform pressure wall to provide a film of cooling air over the said external 
surface in use. 

A nozzle guide vane or turbine rotor blade as claimed in any preceding claim 
wherein the said platform suction wall is provided with a plurality of film cooling 
holes for conveying cooling air from the second chamber to the external surface 
of the platform suction wall to provide a film of cooling air over the said external 
surface in use. 

A nozzle guide vane or turbine rotor blade as claimed in any preceding claim 
comprising first and second platforms at opposite spanwise ends of the aerofoil 
for forming radially inner and outer shrouds in an array of circumferentially 
spaced nozzle guide vane or turbine rotor blades in a gas turbine engine. 

A nozzle guide vane or turbine rotor blade as claimed in any preceding claim 
further comprising a plurality of projections in the said first and/or second 
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chambers for increasing the surface cooling area of the said chamber(s). 

A nozzle guide vane or turbine rotor blade substantially as hereinbefore 
described and/or with reference to the accompanying drawings. 
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